INTRODUCTION

54
Over the last decade there has been an increase in childhood hospital admission rates in England, with a 55 pronounced rise in very short stay (less than one day) admissions for medical illnesses. [1] The causes are 56 not clear; re-organisation of primary care out-of-hours provision, introduction of emergency department 57 (ED) waiting time targets and changes in health seeking behaviour have all been suggested. [2] Head 58 injury is the commonest presentation of major and moderate paediatric trauma. versions has been guidance regarding imaging. The first NICE guideline was largely extrapolated from 73 adult studies due to limited paediatric-specific evidence. Many clinicians felt this led to unacceptably 74 high CT rates and used locally derived guidelines with higher thresholds and lower scan rates. [16, 17] The 75 than progressing to immediate CT scan. This practice for selected patients has been shown to beassociated with approximately half the adjusted odds of performing CT and no increase in adverse 80 effects, leading to the suggestion that this approach could safely reduce CT rates. [ 
19] 81
We aimed to determine whether mortality or admission rates from childhood head injury have changed 82 with successive iterations of NICE guidance, and to explore the epidemiology to identify any potentially 83 alternative influences. 84 To standardize between years, annual head injury admission, mortality, and neurosurgery rates were 104 calculated for the English population under the age of 16 as incidence rate ratios with 95% confidence 105 intervals, relative to the year 2000. For these outcomes a negative binomial regression model was fitted 106 and a test for a linear trend by year was carried out. We assessed guideline eras by assessing the last 107 three years of their use to allow for implementation delays. Between these periods, admission rates, 108 death rates and neurosurgery rates were compared by fitting a negative binomial regression model. 109
85
METHODS
86
Data sources
Logistic regression models were fitted in order to test for a linear trend by year for the proportion of 110 admissions being admitted for less than a day, one day, or two days or more. To analyse the effects of 111 socio-economic status, we fitted negative binomial models for admission and for death rates over the 112 twelve year period against IMD quintiles (using the least deprived as baseline) adjusting for quintile 113 population density to calculate incidence rate ratios. Data extraction and analysis were completed using 114 the statistical languages R[21] and Stata [22] . 115
116
RESULTS
117
[ Table 1 -Description of admissions and deaths due to head injury in children aged 0-15 years, [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] 118
Epidemiological Trends 119
Between 2000 and 2011 there was a statistically significant rise in admissions with head injury (Table 1 ) 120 from 34 to 37 per 10,000 children, whilst the number dying due to head injury fell significantly from 7.6 to 121 4.0 per million). There was no statistically significant trend in the neurosurgery rate (relative to the 122 population) (p=0.220). Of those admitted, the number admitted for a very short duration (less than 1 123 day) rose 20% from 37.6% in 2000 to 57.4% in 2011 (p<0.001 for linear trend). Correspondingly 124 admissions for one day fell by 14% and for two days or more (≥2) dropped by 6% (both p<0. have resulted in increased CT rates, perhaps with an associated reduction in admissions and length of 170 stay. CT scanning and discharge direct from ED compared to admission for observation is a cost-savingperiod of time prior to a decision on the need for imaging (the approach now suggested in NICE 2014) wemay see yet further increasing admission rates and resulting costs. 176
The limitations of our study are mainly due to the nature of the routinely collected dataset. Our choice of 177 outcomes as "admission or death due to head injury" are pragmatic; we were not able to assess how 178 many children survived but had adverse neurological outcomes. Despite HES data being rigorously 179 collected using a strictly defined dataset, it is prone to external factors that may change over time. admission rates for children with medical complaints were already rising [2] prior to their introduction. 186
Neurosurgery rates have not significantly changed despite increasing admissions, suggesting that the 187 overall incidence of severe head injury in childhood has remained relatively constant. We believe that 188 these findings may therefore represent a change in clinician behaviour, with lower severity thresholds for 189 admission combined with shorter stays before discharge. An alternative hypothesis is that the 190 proportion of children being admitted has remained constant, but more children are being taken to ED 191 and so more are being admitted. HES data did not include information on ED attendances until 2007 and 192 we have therefore not been able to examine this further. 193
Our rates of inpatient mortality due to head injury combined with those for Wales over the same time 194
period (personal communication -NHS Wales Infomatics Service) closely approximate the Office for 195
National Statistics figures for total childhood deaths due to head injury in England and Wales. [26] This 196 suggests that most children who die from head injuries do so in hospital rather than at the scene of the 197 incident. The reduction in deaths due to road traffic accidents is likely to be due to a combination of 198 factors. Over this period there have been improvements in safety for car occupants (e.g. use of boosterseats, airbags). However, as the greatest reduction in road traffic deaths has been in pedestrians/cyclists, 200 it may be that the focus on hard hitting road safety campaigns has been beneficial, or that this reflects a 201 reduction in exposure to risk with less walking and cycling in children. 
